A special class of recurrent neural network, termed Zhang neural network (ZNN) depicted in the implicit dynamics, has recently been proposed for online solution of time-varying matrix square roots. Such a ZNN model can be constructed by using monotonically-increasing odd activation functions to obtain the theoretical time-varying matrix square roots in an error-free manner. Different choices of activation function arrays may lead to different performance of the ZNN model. Generally speaking, ZNN model using hyperbolic sine activation functions may achieve better performance, as compared with those using other activation functions. In this paper, to pursue the superior convergence and robustness properties, hyperbolic sine activation functions are applied to the ZNN model for online solution of time-varying matrix square roots. Theoretical analysis and computer-simulation results further demonstrate the superior performance of the ZNN model using hyperbolic sine activation functions in the context of large model-implementation errors, in comparison with that using linear activation functions.
Introduction
The problem of solving for matrix square roots is considered to be an important special case of nonlinear matrix equation problem, which widely arises in many scientific and engineering fields; e.g., control theory [1], optimization [2] , and signal processing [3] . In general, the solution of matrix square roots, which can usually be a fundamental part of many solutions, can be achieved via matrix equations solving. Thus, many numerical algorithms/methods have been presented and developed for online solution of matrix square roots [1-6]. Generally speaking, it may not be efficient enough for most numerical algorithms due to their serial-processing nature performed on digital computers [2, 3] . For large-scale online or real-time applications, the minimal arithmetic operations of such numerical algorithms are usually proportional to the cube of the matrix dimension n, i.e., O(n 3 ) operations [7] . To remedy inherent weaknesses
